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The RS485 port on the MSC1I210 board provides great opportunities for 
communication with other systems. For example, it allows a number of 
MSC1I210 boards to be connected up into a network and talk to one 
another over distances of several kilometres. 


This fourth instalment in the series on the 
MSC1210-based Precision Measurement Cen- 
tral (kicked off in the July/August 2003 issue) 
is entirely devoted to the RS485 interface. 
This month we will cover the theory and 
hardware. The December 2003 issue, finally, 
will discuss the practical use of the RS485 
interface in a small project that goes to show 
how up to 255 MSC1210 boards can commu- 
nicate with a single PC through an RS485 
link. The converter required for the job is dis- 
cussed in this article instalment. 


RS485 


Although the RS485 interface has been 
around virtually since the earliest days of the 
PC era, it is rarely seen in real life, that is, on 
the PC’s connector panel. That’s why we take 
this opportunity to present a suitable con- 
verter for RS232 to RS485, which has been tai- 
lored for use in combination with the 
MSC1210 board. First, however, we need to 
wade though some theory. 


Bus topology 

Normally an RS485 network consists of a long 
cable (bus) of which the ends are terminated 
with resistors. Up to 32 devices may be con- 
nected to the bus, or even 256 if a suitable 
driver chip is used. Ideally, all devices are 
connected to form a long thread. In practice, 
however, individual bus participants may 
also be connected via branches of several 
metres (Figure 1). In ‘minimum’ cases only 
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the two wires designated ‘A’ and ‘B’ 
are required, although it is recom- 
mended to implement potential can- 
cellation using a third wire and an 
optional resistor. Another popular 
variant has four wires and allows the 
devices to be powered over the bus. 

The digital information conveyed 
over the RS485 bus comprises the 
voltage difference between line ‘A’ 
and ‘B’. If the difference is positive, 
the bus is said to convey a logic 1. In 
the other case, a logic 0 is conveyed. 
The use of differential voltages 
makes the bus rather immune to 
noise, provided a number of condi- 
tions are satisfied. Figure 2 shows a 
bus with two devices on it, where 
the signal is to be carried from IN to 
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OUT over a long cable. An oscillo- 
scope is connected to the bus at the 
indicated position. Any cable will 
have a more or less distinctive 
impedance — values of 60 to 200 2 
being typical. The signal on the 
cable will remain undistorted only if 
the cable is terminated with a resis- 
tor whose value is approximately 
equal to the cable impedance. Wrong 
termination values cause signal dis- 
tortion that can lead to data corrup- 
tion and increased susceptibility of 
the bus to noise. 

Fortunately, correct cable termi- 
nation is really critical only in those 
cases where signals with a high 
data rate (> 57,600 bits/s) are con- 
veyed over cable lengths exceeding 
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to individual 
devices <10m 


MAX485, MAX487, MAC487E, LT485 

and functional equivalents in DIL8 case. 

Attention: RX/TX-CTRL = High activates transmitter 
(invert for 8051) 
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Figure |. RS485 topology. 


500 m, when the propagation times 
start to approach the bit rates (the 
signal travels 100-300 m in 1 us). 
With cable lengths under 50 m and 
bit rates under 57,600, a cheap cable 
with no specified impedance but ter- 
minated with 120 Q at both ends 
should be adequate. 


Overvoltage Protection ‘lite’ 

An RS485 driver must be capable of 
withstanding line voltages between 
-7 V and +12 V at its input(s). Fair 
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enough, but longish cables in partic- 
ular are prone to pick up (by induc- 
tion) much higher peak voltages 
caused by electrostatic fields, dis- 
charges, EMI transients and so on. 
Consequently it makes sense to pro- 
tect all RS485 against voltage surges. 
With suitable protection, short and 
not too powerful transients can not 
harm the drivers ICs (Figure 3). 


Data traffic 
The drawing in Figure 1 includes all 
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Figure 2. Why terminate? 
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receiver 
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optional resistors. These resistors serve to 
pull the bus to a fixed logic level when there is 
no traffic (that is, all devices are receiving and 
none is putting data on the bus). Unfortu- 
nately, this variant is rather wasteful in terms 
of energy usage and at the same time likely 
to cause problems with long cables. 

A better alternative is shown in Figure 4. 
In this configuration, the initial level of the 
bus is not known. If a device wants to put a 
data block on the bus, it has to activate its 
transmitter section first. However, as a result 
of improper termination as illustrated in Fig- 
ure 2, it may happen that activation of the 
transmitter alone is sufficient for receiving 
devices on the bus to recognise data, when 
in fact no valid data has been sent as yet (see 
block marked ???). 

This leads to the absolute requirement for 
a pause to be inserted immediately after acti- 
vation of each transmitter section. This ‘dead’ 
period needs to be much longer than pre- 
scribed for the transmission of a single byte 
(t_byte). The time needed to convey a byte 
over the bus is roughly ten times the recipro- 
cal of the baud rate, or about 1 ms per byte 
when a rate of 9,600 bits/s is used. 

The data packet proper always starts with 
a special marker byte (START). Note, how- 
ever, that START may never occur within the 
actual data (more about this in the next 
instalment). 

Because only one device can transmit at a 
time (‘half duplex’) a strict protocol is needed 
describing who's allowed to transmit what 
and when. If the protocol is not observed, 
data contention, collision and corruption is 
imminent. The practical application dis- 
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Figure 3. Surge protection by means of two 
zener diodes. 
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cussed in next month's instalment employs a transmitter ON data 
simple but effective protocol. | i pase r >| 
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A PC on the RS485 bus 


If the two 560-Q resistors shown in Figure 1 
are used, the risk of ‘undesired databytes’ is 


greatly reduced. Problems may only occur 
with long cables (>50 m) and higher baud 
rates (>57,600 bits/s), particularly when the 
transmitting junction and the resistors are rel- 
atively far apart. Unfortunately, a PC can not 
exercise exact control over the pulse timing 
on its serial interface and so activate the 
transmitting device using an appropriate 
delay. After all, most PCs employ a UART 
(RS232 driver) with an internal transmitter 
FIFO. This prevents the PC from ‘knowing’ 
whether or not a databyte was actually sent or 
not. Consequently it is the task of the PC con- 
verter to ensure that the RS485 bus is ata 
valid logic level when there is no traffic. 


The converter 


The converter, of which the circuit diagram is 
given in Figure 5, operates largely as a 
‘dumb’ extension which has the benefit of it 
supporting different protocols and, of course, 
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Figure 4. Transmit timing. 


bit rates. The design consists of an 
RS232 and an RS485 converter sepa- 
rated by good old TTL levels. 

Bits arriving at the RS485 bus are 
copied directly to the PC irrespective 
of the bit rate. Once the PC sends a 
character, the converter immediately 
switches on its transmitter via a 
retriggerable monostable (IC1.A). 
The transmitter remains active for 
the time its takes to convey the byte. 
In the case of our circuit, two times 
may be selected: 20 ms for 
1200 bits/s (S1 opened) or 2 ms for 
9600 bits/s and higher (S1 closed). 

In addition, switch $1.4 may be 
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used to include the terminator resis- 
tor, and/or $1.2/3 (operate at the 
same time) for the 560-Q resistors to 
set the default level on the bus. 
These provisions on the converter 
allow several PCs or a combination 
of PCs and MSC1210 boards to be 
included in a network. 

The construction of the converter 
on the printed circuit board shown in 
Figure 6 should be an uncomplicated 
affair as there are no pitfalls with 
regard to soldering etc. The introduc- 
tory photograph shows the author's 
prototype. The converter operates 
from an external supply voltage of 
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Figure 5. Circuit diagram of the RS232/RS485 converter. 
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COMPONENTS LIST 


























Resistors: 
RI = 220kQ D4,D5 = 4V7 zener diode TOP [ELEKTOR Re232/ 485 
R2 = 22kQ D6 = LED, low current, green, 3mm 
R3,R4 = 5609. D7 = LED, low current, red, 3mm 
R5 = 120Q ICI = MAX232 (DIL case) 
R6,R7 = IkQ IC2 = LTC485 or MAX487E 
R8,R9 = 470 (ESD/EMI-optimised) (DIL case) 
IC3 = 7805 (TO220 case) 
Capacitors: IC4 = 74HCT123 (DIL case) (Philips 


C1,C3,C5,C6,CI 1 = 10uF 16V radial 
C2,C7,C8,C9,C12 = 100nF 

C4 = 220nF (10% tolerance) 

C10 = 10uF 35V radial 


Semiconductors: 
DI = IN400! (DO41 case) 
D2,D3 = 9V1 zener diode 


preferred) 


Miscellaneous: 

KI = 9-way sub-D socket, PCB 
mount, angled pins 

K2 = 4-way PCB terminal block, 5mm 
lead pitch 

S| = 4-way DIL switch 
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between 7 V and 30 V and draws a 

modest 20 mA or so. In case the sup- 

ply voltage is not obtained from the 

bus, the RS485 ground is connected 

to the circuit ground using a 100-Q 

resistor for potential equalisation. Figure 6. PCB design for the 
(030060-4) RS232/RS485 converter. 
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